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①当温度低于 513 K 时，烟丝以热解反应为主，氧气对烟丝热解行为的影响较小，





































During the smoking of cigarette, complex physical and chemical reactions occur, 
such as evaporation of water, pyrolysis of organic substances and combustion of char. 
The pyrolysis and combustion behavior of cut tobacco affects the taste of cigarette 
and the amount of harmful substances generated, and is thus the key to diminish the 
generation of tar and reduce the health risk of smoking. At least, a better 
understanding of the processes is necessary for controlling the toxicity of the smoke.  
In the first section of this work, the effect of oxygen on the combustion behavior 
of cut tobacco was investigated using thermogravimetric-mass spectrometry (TG/MS) 
technique. It was found that pyrolysis of cut tobacco is the primary reaction if the 
temperature is lower than 513 K, during which the behavior of pyrolysis is affected by 
the concentration of oxygen slightly. However, pyrolysis and combustion of cut 
tobacco occur simultaneously if the temperature is higher than 513 K. Oxygen 
facilitates the combustion of cut tobacco, i.e. combustion of cut tobacco commences 
at lower temperature with higher combustion rate. More water vapor and carbon 
dioxide were generated at higher concentration of oxygen, while the yields of 
hydrogen cyanide, nicotine, phenol and indole were very low in aerobic condition. It 
means that the generation of harmful substance can be reduced by increasing the 
concentration of oxygen. 
In the second section of this work, the effect of heating rate on the pyrolysis 
behavior of cut tobacco was explored using TG/MS technique. It was found the 
pyrolysis temperatures of different tobacco constituents overlap each other more 
severely at higher heating rate. The rate of pyrolysis and degree of thermal lag also 
increased at high heating rate. The kinetic model of pyrolysis developed in this work 
takes the thermal hysteresis of cut tobacco into account, thus predicts the pyrolysis of 
cut tobacco well at different heating rate. Pyrolysis of tobacco at high heating rate is 
















significance in setting up precise cigarette combustion mathematical model. 
In the third section of this work, cut tobacco was washed with deionized water, 
aqueous solution of sodium carbonate or citric acid to remove some precursors of 
harmful substances. The results show that precursors of harmful substances in cut 
tobacco, i.e. nicotine and sugars, were removed partly when cut tobacco was soaked 
in the solution of sodium carbonate, resulting in significant reduction in benzo [a] 
pyrene, phenol and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone generated during 
pyrolysis. 
An approach to determine fake cigarette and evaluate the quality of cigarette 
product based on the DTG curve of cut tobacco was proposed in the last section of 
this work. It is highly labor-saving and effective without subjective mistakes when 
compared with traditional ones.  















































































方法 2 是目前应用较为广泛的方法，Meier 等[10]将 Na-Y 沸石作为添加剂直
接加入卷烟，该法可降低主流烟气中 40%~50%的 N-亚硝胺和侧流烟气中
































































图 1.1 卷烟燃烧模型[13] 












纤维素是生物质材料中含量最丰富的一种多糖，是由 1000~10000 个 D-葡萄
糖基（失水葡萄糖）通过 β-1,4 苷键链接形成的高分子聚合物，分子式表示为























































































Bassilakis 等[33]和 Wójtowicz 等[34]利用 TGA 技术研究了升温速率为 1 K/min~100 
K/min 的热解反应，通过傅里叶红外仪检测烟草的热解产物，求解烟草热解的动
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